In the brain of the anesthetized ferret, the 2deoxyglucose (2-DG) transfer rate constants required to determine cerebral glucose utilization by the deoxyglu cose method were calculated from regional gray matter time-radioactivity curves measured for 180 min after tracer injection. Results suggest that loss of metabolized tracer from brain occurs at a rate of about 1 %/min for the first 180 min after injection if the rate constant of the rate-limiting step for loss of metabolized tracer (k!) rep resents a first-order kinetic process. A simulation exper-In this study, the effect of loss of metabolized tracer on measuring glucose utilization with the au to radiographic deoxyglucose method is investi gated. The extent to which deoxyglucose-6-phosphate is lost from brain tissue has been a mat ter of controversy since Sokoloff et ai. introduced the deoxyglucose method in 1977. Sokoloff and co workers maintain that the loss can be neglected in deoxyglucose experiments lasting up to 45 min after tracer injection (Sokoloff et aI., 1977; Nelson et aI., 1985 Nelson et aI., , 1986a. However, several groups have shown that a significant degree of loss does occur (Hawk ins and Miller, 1978; Deuel et aI., 1985; Redies et aI., 1987b) even during the first 45 min (Pellegrino et aI., 1987; Bass et aI., 1987; Hawkins et aI., 1988). Hawkins and Miller (1987) , Nelson et ai. (1987), and Gjedde (1987) have recently commented on this controversy. Two questions of practical relevance Abbreviations used: 2-DG, 2-deoxY-D-glucose; LC, lumped constant; R, cerebral metabolic rate for glucose.
Summary:
In the brain of the anesthetized ferret, the 2deoxyglucose (2-DG) transfer rate constants required to determine cerebral glucose utilization by the deoxyglu cose method were calculated from regional gray matter time-radioactivity curves measured for 180 min after tracer injection. Results suggest that loss of metabolized tracer from brain occurs at a rate of about 1 %/min for the first 180 min after injection if the rate constant of the rate-limiting step for loss of metabolized tracer (k!) rep resents a first-order kinetic process. A simulation exper-In this study, the effect of loss of metabolized tracer on measuring glucose utilization with the au to radiographic deoxyglucose method is investi gated. The extent to which deoxyglucose-6-phosphate is lost from brain tissue has been a mat ter of controversy since Sokoloff et ai. introduced the deoxyglucose method in 1977. Sokoloff and co workers maintain that the loss can be neglected in deoxyglucose experiments lasting up to 45 min after tracer injection (Sokoloff et aI., 1977; Nelson et aI., 1985 Nelson et aI., , 1986a . However, several groups have shown that a significant degree of loss does occur (Hawk ins and Miller, 1978; Deuel et aI., 1985; Redies et aI., 1987b) even during the first 45 min (Pellegrino et aI., 1987; Bass et aI., 1987; Hawkins et aI., 1988) . Hawkins and Miller (1987) , Nelson et ai. (1987) , and Gjedde (1987) have recently commented on this controversy. Two questions of practical relevance iment shows that, whether k! is assumed to be 0 or 0.0 1 min -I, has a negligible influence on glucose utilization rates obtained in conventional 45 min autoradiographic experiments provided that the entire analysis, including lumped constant determination, is carried out in a con sistent way. The 2-DG lumped constant for k! = 0 is 0.54, and 0.68 for k! = 0.0 1 min -I. Key Words: Glucose utili zation-Ferret brain-Deoxyglucose-Transfer rate con stants-Dephosphorylation-Lumped constant.
have so far remained unanswered: (a) What is the difference between neglecting the loss of metabo lized tracer (Ki-kj model) and taking it into ac count (Ki -kt model) when calculating regional ce rebral glucose utilization for conventional 45 min deoxyglucose experiments? (b) What effect does the length of the experiment have on the rate con stants obtained in the experiment, and on glucose utilization values calculated with these rate con stants? These questions are important because dif ferent researchers have used different assumptions regarding the extent of loss of metabolized tracer and different experimental durations to measure glucose tracer rate constants (Sokoloff et aI., 1977; Phelps et aI., 1979; Reivich et aI., 1979 Reivich et aI., , 1985 Kato et aI., 1985; Pellegrino et aI., 1987; Evans et aI., 1986; Nakai et aI., 1987; Redies et aI., 1987b Redies et aI., , 1988 . In this study, we evaluate whether or not glucose utilization values obtained with different rate con stant sets are directly comparable.
THEORY
In the deoxyglucose method, the radioactivity ac cumulated in tissue after the intravenous injection of radiolabeled glucose tracer is measured autora diographically at the time of decapitation, T. The regional cerebral metabolic rate for glucose, Rautorad, can be estimated by dividing the radioactivity that has accumulated in the metabolic pool during the autoradiographic experiment, C1(1) -Ck(1)' by the radioactivity in the metabolic pool that would have accumulated under a reference ("average") condition, CM(1)' and by multiplying w ith the glu cose utilization rate for that condition, R (Huang et aI., 1980; Hutchins et aI., 1984; Evans et aI., 1986) :
where C1(1) is the measured tissue concentration of tracer at time of decapitation, T, and Ck(1) is the calculated concentration of tracer in the precursor pool at time T. Ck(1) and CM(1) are calculated on the basis of the rate constants of tracer transfer across the blood-brain barrier, Kt and kl' the tracer phos phorylation rate constant, kj, and, depending on whether loss of metabolized tracer is taken into ac count, the rate constant of the rate-limiting step for loss of metabolized tracer from brain, k!. This rate limiting step may be the dephosphorylation reaction or the transport of metabolized tracer into a fourth compartment with subsequent dephosphorylation as a separate step as proposed by Mori et a1. (1986) .
Throughout this paper, Kt to k! (and KJ to k3 for glucose) refer to rate constants of first-order kinetic processes. The underlying kinetic model is a sim plification of the in vivo situation; it takes into ac count only the major, rate-limiting steps for uptake and loss of tracer from brain (Sokoloff et aI., 1977; Huang et aI., 1980) .
The explicit terms to calculate Ck(1) and CM(1) in the Kt-k! model are given by Huang et a1. [1980; their Eqs. (A9) and (AlO)]. For k! = 0, Eq. (1) is equivalent to the operational equation given by Sokoloff et a1. (1977) , which does not take into ac count loss of metabolized tracer (Kt-kj model).
The tracer rate constants Kt to k! are measured in a separate experiment for the reference condi tion. The R value for the reference condition, R, can be expressed as (Huang et aI., 1980) -Cp Kt· kf
where C p is the arterial plasma glucose concentra tion and LC is the lumped constant that converts the unidirectional rate of tracer phosphorylation to the net rate of glucose phosphorylation. LC can be expressed as (Gjedde, 1982) kt Ktl(M + kt) K in LC = <!>k 3 .
where K'!;, is the unidirectional rate of tracer phos phorylation, and Kin is the net rate of glucose phos phorylation. <!> represents the fraction of glucose that, once phosphorylated, is metabolized further (Sokoloff et aI., 1977) ; <!> is close to 1 in mammalian brain. KJ to k3 are the rate constants for glucose. * denotes tracer parameters.
Equation (3) states that LC equals the ratio of the Kin values for tracer and glucose. LC is approxi mately constant throughout the brain since both the Kin for glucose and the K'!;, for tracer change in rough proportion to the different glucose utilization rates in the different brain structures (Sokoloff et aI., 1977; Gjedde, 1982 Gjedde, , 1987 .
For a given brain structure, Kin for glucose is a constant. As is shown later in this study, the choice of the k! value affects the K'!;, value for tracer ob tained in the rate constant fitting. For a given brain structure, LC therefore changes in direct proportion to changes in K'!;,. The same tracer rate constants should be used in the expression for R in Eq. 
METHODS

Radiochemicals and animals
[14C]2-deoxyglucose (2-DG) (specific activity of 55 mCiJmmol) was purchased from New England Nuclear. Young adult female ferrets of the Siamese and Sable Fitch strains were obtained from Marshall Farms (North Rose, N.Y., U.S.A.). Animals weighed about 900 g. They were fast-ed overnight with free access to water before the experiment.
General surgical procedures and anesthesia
Each animal was first anesthetized with halothane (2-3%) and maintained on this anesthetic during all sur gical procedures. To decrease mucous secretions, 1% at ropine solution was injected intramuscularly (0.025 mgt kg) once at the beginning of the surgical procedures. Uni lateral catheterization of the femoral vein and artery was performed. The animal was tracheotomized and a plastic tube of 6 mm diameter was inserted into the trachea for artificial respiration. On all wound margins, topical lidocaine was applied (Xylocaine, 2% gel).
For lumped constant determination, catheterization of a major cerebral sinus was required. The scalp was in cised in midline and the superior part of the temporal muscles were detached from the skull. A small hole was drilled into the skull over the posterior part of the supe rior sagittal sinus. The sinus was then catheterized with PESO tubing in retrograde fashion.
After the surgical procedures, animals were maintained on a mixture of nitrous oxide and oxygen (70%/30%) sup plemented with a continuous intravenous infusion of low dose pentobarbital (0.5-1.5 mg/kg/h). Blood pressure was continuously monitored during the experiment. Depth of anesthesia was judged adequate if blood pressure was below 150 mmHg and no fluctuations in blood pressure occurred. If required, pentobarbital administration was in creased within the limits given above. No adjustments were made from at least 30 min before the start of the experiment till decapitation. Animals were ventilated by a Harvard rodent respirator (stroke volume 10 ml) after their muscles were paralyzed with intravenous gallamine triethiodide (7 mg/kg/h) and tubocurarine (0.5 mg/kg/h). To prevent pulmonary collapse in the paralyzed animal, a few deep strokes (30 m!) were administered every 15-30 min. Blood gases were measured every 30-45 min and kept within physiological limits (Table 1) by adjusting the stroke rate (45-70 beats/min). Body temperature was con tinuously measured with a rectal temperature probe and held between 38.5 and 40°C (Moody et aI., 1985) by warming the animal with a heating blanket. Experiments were started 2-4 h after switching to the nitrous oxide anesthetic regimen. For the experiments, animals were placed in a physiological position with the head and lower thorax slightly elevated. Animals were deeply anesthe tized 30-45 s before the end of the experiment with intra venous pentobarbital. At the end of the experiment, ani mals were killed by decapitation. Total blood loss during the experiments did not exceed 2.0 ml.
Rate constant determination
Eighteen ferrets were injected with 7-10 fLCi of [14C]2-DG in aqueous solution. The isotope was injected over 1-2 min into the femoral vein at the beginning of the experiment. Two animals were decapitated at 2.5, 5, 10, 15,25,45,75, 120, and 180 min after injection. During the experiment, timed arterial blood samples (75 fLI) were ob tained at 0.5, 1,2, 3,5,7.5, 10, 13, 16,20,25,35,45,60, 75, 100, 120, 150, and 180 min. In the experiments lasting 2.5 and 5 min, arterial blood samples were obtained at 15 and 30 s intervals, respectively. Blood samples were im mediately placed on ice. Twenty microliter plasma ali quots were obtained for radioactivity determination after spinning down whole blood samples.
Immediately after decapitation, brains were removed and cut in the coronal plane into 3-5 mm thick slices. Tissue samples (10-100 mg wet weight) were obtained for the 18 gray and white matter regions listed in Tables 1 and 2 of the following paper (Redies et aI., 1988) . However, for the calculations and simulations in this paper, data from only the eight gray matter regions listed in Table 2 were used. These brain regions were chosen because they were the most easily identifiable and resectable regions, and represent different glucose utilization rates and dif ferent parts of the brain. Samples were dried for several hours on a plate heated to 70°C. In each experiment, a few tissue samples were weighed immediately after re moval from fresh brain. These samples were then dried and weighed again to establish the percent weight loss due to the drying procedure (75-79% weight loss for dif- ferent brain structures). The drying procedure was used because only a few tissue samples from each experiment could be weighed fresh before any drying had occurred. Dried tissue samples were macerated in 100 tJ.l of distilled water and digested in tissue solubilizer (Protosol, New England Nuclear, Boston, MA, U.S.A.) for 2-3 days.
Tissue and plasma 14C radioactivities were determined in a scintillation counter (LKB 12 19 Rackbeta) after sam ples were dissolved in 10 ml of liquid scintillation fluid (Scinti Verse I, Fisher, Fair Lawn, N.Y., U.S.A.). All tissue radioactivities were expressed on a per wet weight basis. Plasma glucose levels were enzymatically mea sured in a Yellow Springs Instruments (Yellow Springs, OH, U.S.A.) Model 23A glucose analyzer from 20 tJ.l arterial plasma samples obtained at 15-30 min intervals during the experiment. The hematocrit was measured at hourly intervals during the experiment.
Tissue radioactivities were fitted to the total tissue ra dioactivity function essentially as described previously (Redies et aI., 1987b) . The blood glucose levels remained relatively stable during the experiment, and kj was there fore assumed constant during the fitting procedure. The brain plasma space was set to 3% (Kato et aI., 1984; Evans et aI., 1986) .
Lumped constant determination
In five ferrets, the 2-DG lumped constant was deter mined with the method described in detail by . [14C]2-DG was injected over 1 min. Timed blood samples were obtained at 0.5, 1, 1.5,2,3,4,5,7,9, 11, 13, 15 , and 20 min after the start of injection from both the femoral artery and the superior sagittal sinus. Blood samples were immediately placed on ice or spun down in a centrifuge. Plasma 14C radioactivities were determined from 20 tJ.I aliquots as described above. Arterial and ve nous plasma glucose concentrations were also deter mined in each experiment. On the basis of arteriovenous concentration differences for tracer and glucose, the lumped constants were estimated by a nonlinear least squares fitting routine essentially as described previously (Matsuda et aI., 1987; Redies et aI., 1987b) . During the fitting, the ki, kj, and k! values were set constant either to the average 2-DG gray matter rate constants for k! = 0 (45 min fit) or to those for k! = 0.0 1 min -1 (180 min fit) (Table 4 ).
Simulation study
The effect of setting k! to values between 0 and 0.0 15 min -1 on the calculation of glucose utilization, R autorad ' from autoradiographic experiments was analyzed for 2-DG. This simulation consisted of two steps: (a) fitting of the rate constants, and (b) calculation of glucose utiliza tion (Rautora)'
(a) The 2-DG rate constants Kj to kj were obtained by fitting them to regional total tissue radioactivity curves with k! set to 0, 0.005, 0.0 10, and 0.0 15 min -I. Nonlinear least-squares fitting as described above was carried out with the tissue radioactivity data limited to the first 25, 45, 75, 120, and 180 min after injection ("fitting time limits") for the eight gray matter regions. hypothetical, autoradiographically "measured" total tis sue radioactivity values, CicI)' A range of CicI) values was obtained by mUltiplying the average expected total tissue radioactivity, CicI)' with factors between 0.6 and 1.4 (0. 1 steps). CicI) was predicted from the "physiological" rate constants obtained in the 180 min fit with kJ set to 0.0 1 min -1 (Table 4) . For each hypothetical autoradiographic experiment, R autorad was calculated twice. First, R autorad was calcu-lated with the rate constant set obtained in the 45 min fit by assuming kJ = 0 (Table 4 ) and the lumped constant for kJ = 0 (0.54, Table 3 ) (Rk t �o) . Second, R autorad was cal culated with the rate constant set obtained in the 180 min fit by assuming kJ = 0.0 1 min -1 (Table 4 ) and the lumped constant for kJ = 0.0 1 min -1 (0.68, Table 3 ) (Rk t �0.01 ) . The % difference between the two R values is shown in Fig. 1 .
RESULTS
Rate constants (Kf to kV in the ferret brain Table 1 lists the physiological indices measured during the determination of the rate constants in 18 ferrets. Table 2 gives regional and mean rate constants for 2-deoxyglucose (2-DG) in eight ferret brain gray matter structures. The kt values for 2-DG show rel atively little regional variation in the gray matter regions assayed. They are about 10% of their re spective kj values. Table 3 gives the lumped constant for 2-DG as suming either kt = 0 or kt = 0.01 min-I . The physiological indices measured in the five ferrets during the lumped constant determination were within the range of those given in Table 1 . Table 4 shows the effect of kt and the fitting time limit on the other rate constants, Kj to kj . The different sets of rate constants fitted the measured tissue radioactivity curves equally well, except for the 120 and 180 min fitting limit with kt set to O.
Lumped constant
Simulation study
Here, high x2 values indicated a poor fit.
Kj is relatively unaffected by the different com binations used for the fitting, whereas the kr values differ more, especially in cases where poor fits were obtained. The other variables differ more widely, independent of the goodness of the fit. The kj val ues are generally larger for larger kt values. As a consequence, the unidirectional rate of tracer influx Mean gray matter value is mean ±SD, n = 8. Regional values are means ± SEM. Loss of metabolized tracer (kV into the metabolic pool, Kin, which is the product of kt and the volume of tracer distribution in brain, Vd, is also larger for larger kt values. Moreover, for kt The average kt value for 2-DG obtained in this study is around 10% of the respective kt value (Ta ble 2). This result is similar to data for human brain (FDG, Reivich et aI., 1985; Hawkins et al., 1986) , goat brain (2-DG, Pellegrino et aI., 1987) , and rat brain (FDG, Redies et al., 1987b) . The extent of tracer loss from the metabolic pool in the ferret (0.012 min -I , Table 2 ) agrees well with measure ments in other mammalian species (Phelps et aI., 1979; Reivich et aI., 1985; Hawkins et aI., 1986; Hawkins and Miller, 1987; Pellegrino et aI., 1987; Bass et aI., 1987; Redies et aI., 1987b) . Compared to kt, kt shows relatively little regional variability; the range of regional kt values in the ferret is similar to that in the rat (Hawkins et aI., 1988) . Figure 1 shows the difference between autora diographically measured glucose utilization values if kt is assumed to be 0 (Rk t =o) and 0.01 min-1 (Rk t =o.ol min-I) . For conventional 45 min 2-DG ex periments, this difference is less than 4% for the range of tissue radioactivities indicated. However, for longer autoradiographic experiments (120-180 min), differences of up to 55% occur.
Results from the simulation experiment (Table 4) show that if larger kt values are assumed in the rate constant fitting, the resulting kt and Kin values are also larger. This result is expected since, in the presence of more tracer loss from the metabolic pool, more tracer must enter the metabolic pool to yield a similar rate of net tracer accumulation. 180 min 0.017 ± 0.006 0.037 ± 0.004 0.050 ± 0. 006 0. 057 ± 0.007 120 min 0.032 ± 0.004 0.042 ± 0.005 0.050 ± 0. 006 0. 056 ± 0. 007 75 min 0.038 ± 0.005 0.044 ± 0.006 0.050 ± 0. 006 0. 055 ± 0. 007 45 min 0.039 ± 0.003 0.043 ± 0.003 0. 047 ± 0. 004 0. 051 ± 0. 005 25 min 0.040 ± 0.009 0.042 ± 0. 009 0. 045 ± 0.009 0. 047 ± 0.009
Values are means (±SD) for eight gray matter regions in the brain of the anesthetized ferret.
For k.t = 0.01 min -1, a similar Kin value was obtained for the different time limits, suggesting that loss of tracer from the metabolic pool occurs at a relatively constant rate of 0.01 min -I in the ferret brain. Pellegrino et al. (1987) reached a similar con clusion for goat brain. In contrast, for k.t = 0, Kin decreases with increasing fitting time limits. This decrease coincides with a poorer fit of the tissue radioactivity curve. These results support the view that loss of tracer from the metabolic pool cannot be neglected when extending the experimental period beyond 60 min (reviews by Hawkins and Miller, 1987; Nelson et aI., 1987; Gjedde, 1987) . Figure 2 compares our data in the lightly anesthe tized ferret with results in pentobarbital anesthe tized rat (Deuel et aI., 1985) and N20 anesthetized goat (Pellegrino et aI., 1987) . The ferret and goat radioactivity curves for tracer concentrations in the metabolic pool are similar, whereas the curve rep- glucose utilization values calculated with sets of rate con stants assuming k: = (R, 0 and 0). Values are plotted as a function of time after injection. �: Cortical gray matter de oxyglucose-6-phosphate (D-6-P) concentrations in parietal cortex of N20 anesthetized goat determined by direct tissue sampling (data from Pellegrino et aI., 1987) .• : Cerebral cor tical D-6-P concentrations in brain of pentobarbital anesthe tized rat determined by gas chromatography (data from Deuel et aI., 1985) . e: Radioactivity in metabolic pool, C MCD ' predicted from 2-DG rate constants obtained in 180 min fit with k: set to 0.01 min-1 (mean gray matter values for anes thetized ferret; Table 4 ). 0: glucose utilization values (R) for ferret brain calculated according to Eq. (1) on the basis of the Cicn values (see Methods, Simulation study, step b) and rate constants obtained in the 45 min fit with k: set to 0 ( Table 4) . 0: glucose utilization values (R) for gray matter of conscious rat calculated with a set of rate constants obtained with a k: of 0 (Sokoloff, 1982) . Vol, 9, No.1, 1989 resenting the rat data drops initially at a faster rate. This difference may be due to the different anes thetic agents used (Pellegrino et aI., 1987) or may represent species differences. Figure 2 also plots the apparent glucose utilization values (R) in the ferret calculated with the set of rate constants ob tained from the 45 min fit with k.t set to 0 (Table 4) and comparable data for the conscious rat (from Sokoloff, 1982; also Nelson et aI., 1986b also Nelson et aI., , 1987 , The apparent initial constancy and later drop in the fer ret curve are entirely consistent with loss of tracer from the metabolic pool at a constant rate of 0.01 min -i. The qualitatively similar curve in rat (Sokoloff, 1982) therefore does not necessarily in dicate that loss of tracer sets in only after an initial lag or increases over time as suggested by Sokoloff (1982) and Nelson et al. (1986b Nelson et al. ( , 1987 .
Equivalence of Kt-kt model and Kt-kt model Figure 1 shows that for conventional 45 min de oxyglucose experiments, the difference in glucose utilization between assuming k.t = 0 (Kj-kj model) and assuming k.t = 0.01 min -i (Kj -k.t model) is negligible (less than 4%). This result is important because it suggests that loss of tracer from the met abolic pool can be neglected in conventional deoxy glucose experiments lasting 45 min (Sokoloff et aI., 1977; Nelson et aI., 1985 Nelson et aI., , 1986a Nelson et aI., , 1987 even if tracer is lost from the metabolic pool at a constant rate of 1% min (k.t = 0.01 min-i ) (Hawkins and Miller, 1978; Deuel et aI., 1985; Redies et aI., 1987a Redies et aI., , 1987b Pellegrino et aI., 1987; Hawkins and Miller, 1987; Hawkins et aI., 1988;  this study, Table 2 ). If re search groups use different rate constant sets ob tained under different assumptions regarding k.t (k.t = 0 or k.t = 0.01 min -i) , their glucose utilization rates can therefore be directly compared for con ventional 45 min deoxyglucose experiments.
In this paper, it was assumed that the first-order rate constant k.t describes the rate-limiting step of tracer loss from the metabolic pool. From a model ing and computational point of view, it may be of little relevance whether the assumed rate-limiting step is the dephosphorylation reaction or transfer of 2-DG-6-phosphate across the reticular membrane by the translocase reaction with subsequent de phosphorylation in a separate compartment as pro posed by Mori et al. (1986) . In the rat, these two possibilities are indistinguishable if the rate con stant analysis is carried out within the 110 min time frame (Redies et aI., 1987b) . More importantly, the present study suggests that such differences in the kinetic model have a negligible influence on glu cose utilization values calculated from 45 min auto radiographic experiments, provided that the as-sumptions chosen are applied consistently in the analysis. Likewise, the question of whether loss of metabolized tracer sets in immediately after injec tion (Pellegrino et aI., 1987; Hawkins et aI., 1988) or with some time lag (Nelson et aI., 1987 ) may be of little practical relevance. It should be stressed that comparability of glu cose utilization values between different research groups is assured only if each group carries out a consistent analysis assuming the same kt value in each step, including rate constant fitting, lumped constant determination, and calculation of glucose utilization. A conclusion similar to the one reached here for autoradiographic experiments is likely to apply to eSF]fluorodeoxyglucose studies with pos itron emission tomography (Phelps et aI., 1979; Reivich et aI., 1979; Huang et aI., 1980; Reivich et aI., 1985; Hawkins et aI., 1986; Evans et aI., 1986) .
Lumped constant for 2-deoxyglucose
The method by Matsuda et aI. (1987) used to de termine the lumped constant (LC) in this study has the advantage that it does not require a constant plasma tracer level (Sokoloff et aI., 1977) . The method yields lumped constant values similar to those obtained with the method by Sokoloff et aI. (1977) (Matsuda et aI., 1987) . During the fitting, the rate constants ki, kj, and kt were set to either the average gray matter rate constants for kt = 0, or to those for kt = 0.01 min -\ (Table 4 ). The resulting 2-DG lumped constant for kt = 0.01 min -\ was 1.26 times larger than that for kt = o. As predicted in the Theory section, this ratio is the same as the ratio of the respective K1;, values (Table 4 ). The 2-DG lumped constant of 0.54 for kt = 0 agrees well with comparable values in other mammalian species (Sokoloff et aI., 1977; Gjedde, 1987) .
NOTE ADDED IN PROOF
By measuring 2-DG and glucose transfer rate constants within 5 min after injection, Hargreaves et aI. (J Cereb Blood Flow Metab 6: [708] [709] [710] [711] [712] [713] [714] [715] [716] 1986) estimated that the 2-DG lumped constant in rat brain is 0.65. These authors also predicted that a k� value of 0.01 min -\ would account for the differ ence between their lumped constant value of 0.65 and that of 0.48 determined by Sokoloff et aI. (1977) in a 45 min experiment assuming k� = O. Our results in the ferret (Table 3 ) agree well with these predic tions.
